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
&RPSDULVRQVRIFUDQLDOSHUIRUPDQFHVEHWZHHQDPDLQODQGDQGWZRLVODQGVXEVSHFLHVRIWKH
$UFWLFIR[Vulpes lagopus &DUQLYRUD&DQLGDHGXULQJVLPXODWHGELWLQJ

2OJD1DQRYD0LJXHO3U{D/DXUD&)LWWRQ$QGUHM(YWHHY3DXO2¶+LJJLQV


=RRORJLFDO 0XVHXP RI /RPRQRVRY 0RVFRZ 6WDWH 8QLYHUVLW\ 0RVFRZ 5XVVLD 
%RO¶VKD\D1LNLWVND\DWHO
&HQWURGH,QYHVWLJDomRHP$QWURSRORJLDH6D~GH8QLYHUVLGDGHGH&RLPEUD'HSDUWDPHQWRGH
&LrQFLDVGD9LGD$SDUWDGR&RLPEUD3RUWXJDODQG&HQWUHIRU$QDWRPLFDODQG
+XPDQ6FLHQFHV7KH+XOO<RUN0HGLFDO6FKRRO8QLYHUVLW\RI<RUN+HVOLQJWRQ<RUN<2
''8QLWHG.LQJGRP
'HSDUWPHQW RI $UFKDHRORJ\ DQG WKH &HQWUH IRU $QDWRPLFDO DQG +XPDQ 6FLHQFHV 7KH +XOO
<RUN0HGLFDO6FKRRO8QLYHUVLW\RI<RUN+HVOLQJWRQ<RUN<2''8QLWHG.LQJGRP
$QXFKLQ 5HVHDUFK ,QVWLWXWH DQG 0XVHXP RI $QWKURSRORJ\ RI /RPRQRVRY 0RVFRZ VWDWH
8QLYHUVLW\0RVFRZ5XVVLD0RNKRYD\D  
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5XQQLQJKHDGLQJ$UFWLFIR[ELWLQJSHUIRUPDQFHDQGLVODQGLVRODWLRQ
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$EVWUDFW

,VODQG VXEVSHFLHV RI WKH $UFWLF IR[ Vulpes lagopus GLIIHU PRUSKRORJLFDOO\ IURP WKH PDLQODQG
VXEVSHFLHV ,Q SDUWLFXODU GLIIHUHQFHV LQ FUDQLDO IRUP PD\ UHIOHFW YDULHG ELRPHFKDQLFDO
DGDSWDWLRQVDVVRFLDWHGZLWKKXQWLQJ DQG IHHGLQJEHKDYLRXUV :H WHVWHG WKHK\SRWKHVLV WKDW WKH
REVHUYHGFUDQLDOGLIIHUHQFHVEHWZHHQWZRLVODQGIR[HVOLYLQJRQWZR1RUWK3DFLILFLVODQGVDQG
WKRVH OLYLQJ RQ WKH PDLQODQG KDYH QR LPSDFW RQ ELRPHFKDQLFDO SHUIRUPDQFH GXULQJ VLPXODWHG
ELWLQJ'FUDQLDOPRGHOVRIWKUHH$UFWLFIR[VXEVSHFLHVZHUHFRPSDUHGEDVHGRQELRPHFKDQLFDO
SDUDPHWHUV HJ ORFDO VWUDLQ DQG ODUJHVFDOH GHIRUPDWLRQ )LQLWH HOHPHQWV )( DQDO\VHV ZHUH
XVHGWRVLPXODWHHTXLYDOHQWELWLQJORDGVDQGJHRPHWULFPRUSKRPHWULFVZDVXVHGWRFRPSDUHWKH
PRGHV RI GHIRUPDWLRQ DPRQJ WKH PRGHOV 7KH UHVXOWV VKRZHG GLIIHUHQFHV LQ ORFDO VWUDLQV DQG
PRGHV RI JOREDO GHIRUPDWLRQ DPRQJ WKH WKUHH VXEVSHFLHV WKH PDLQODQG VXEVSHFLHV ZDV
SDUWLFXODUO\ GLVWLQFW IURP WKH LVODQG VXEVSHFLHV 7KH UHSUHVHQWDWLYH FUDQLXP RI WKH PDLQODQG
VXEVSHFLHV H[SHULHQFHG KLJKHU VWUDLQ WKDQ WKDW RI ERWK LVODQG VXEVSHFLHV GXULQJ DOO ELWHV
+RZHYHU WKH ILQGLQJV KLJKOLJKW LVVXHV WKDW DULVH ZKHQ UHODWLQJ ELRPHFKDQLFDO SHUIRUPDQFH
PHDVXUHGYLD)(DQDO\VHVWRWKHIRRGVFRQVXPHGUDWKHUWKDQWRWKHPHFKDQLFDOSURSHUWLHVRIWKH
LQGLYLGXDO¶V GLHW $GGLWLRQDO SK\VLFDO SURSHUWLHV GDWD IRU HDFK SUH\ W\SH DUH QHFHVVDU\ WR
GHWHUPLQHWKHH[WHQWWRZKLFKWKHSUHVHQWILQGLQJVUHIOHFWELRPHFKDQLFDODGDSWDWLRQVWRGLHWDQG
SUH\DFTXLVLWLRQ
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,QWURGXFWLRQ

,VRODWHGLVODQGSRSXODWLRQVXQGHUJRUDSLGSKHQRW\SLFFKDQJHVFRPSDUHGWRPDLQODQGSRSXODWLRQV
RIWKHVDPHVSHFLHV0D\U*RXOG	(OGUHGJH0LOOLHQ7KLVLVWUXHIRUWKH
$UFWLFIR[Vulpes lagopus /ZKRVHLVODQGSRSXODWLRQVXQGHUJRUDSLGSKHQRW\SLFFKDQJH
$UFWLFIR[HVRQWKHWZR&RPPDQGHU,VODQGV%HULQJDQG0HGQ\LNPIURPWKHZHVWFRDVWRI
WKH .DPFKDWND 3HQLQVXOD LQ WKH 5XVVLDQ %HULQJ 6HD )LJXUH  KDYH EHHQ LVRODWHG IRU
DSSUR[LPDWHO\\HDUVIURPPDLQODQG$UFWLFIR[HVORFDWHGRQWKH&KXNFKL3HQLQVXODLQIDU
HDVW FRQWLQHQWDO 5XVVLD *ROWVPDQ .UXFKHQNRYD 	 0DFGRQDOG  *ROWVPDQ et al., 
*HIIHQet al.,']K\NL\DE\WKHLFHIUHHZDWHUVRIWKH%HULQJ6HD*HQHWLFGDWDVKRZ
WKDW WKH WZRSRSXODWLRQVRI WKH&RPPDQGHU ,VODQGVQRWRQO\FOXVWHU WRJHWKHU EXWDUHDOVR WKH
PRVWJHQHWLFDOO\GLIIHUHQWIURPDOORWKHU$UFWLFIR[SRSXODWLRQV*HIIHQet al.,

 )RRG VRXUFHV DYDLODEOH WR $UFWLF IR[HV OLYLQJ RQ WKH &RPPDQGHU ,VODQGV GLIIHU IURP WKRVH
DYDLODEOH WR WKH PDLQODQG SRSXODWLRQ $QJHUEM|UQ 7DQQHUIHOGW 	 (UOLQJH  $QWKRQ\
%DUWHQ	6HLVHU=DJUHEHOQ\LD*ROWVPDQet al.,7DEOH5RGHQWV VXFKDV
OHPPLQJV Lemmus DQG Dicrostonyx DQG YROHV Microtus Clethrionomys, DQG Arvicola DUH
JHQHUDOO\WKHPDLQSUH\RI$UFWLFIR[HVRQWKHPDLQODQGWKURXJKRXWWKH\HDU$QJHUEM|UQet al.,
 $QWKRQ\ et al.,  (LGH -HSVHQ 	 3UHVWUXG  +RZHYHU URGHQWV DUH DEVHQW RQ
0HGQ\L ,VODQGDQGDOWKRXJK WKH1RUWKHUQ UHGEDFNHGYROHZDV LQWURGXFHG WR%HULQJ ,VODQG LW
SOD\V D PLQRU UROH LQ WKH GLHW RI IR[HV WKHUH =DJUHEHOQ\L E 7KH PDLQ VXPPHU IRRG
VRXUFHV IRU IR[HV RQ WKH &RPPDQGHU ,VODQGV DUH VHDELUGV HVSHFLDOO\ WKH 1RUWKHUQ IXOPDU
Fulmarus glacialisZKLFKIRUPVJUHDWURRNHULHVRQWKHLVODQGV DQGFDQDPRXQWWRDERXW
RIWKH$UFWLFIR[GLHW*ROWVPDQet al.,:KLOHVPDOOURGHQWVDUHFDXJKWUHODWLYHO\HDVLO\E\
$UFWLFIR[HVDQGVZDOORZHGZKROHODUJHVHDELUGVQHHGWREHKHOGVWURQJO\XQWLOGHDWKDQGRQO\
WKHQFDQ$UFWLFIR[HVHDWWKHIOHVK7KHVHFRQGULFKIRRGVRXUFHDYDLODEOHGXULQJWKHVXPPHULV
WKH1RUWKHUQIXUVHDOCallorhinus ursinusIR[HVVFDYHQJHFDUFDVVHVDQGSODFHQWDVDQGSUH\RQ
QHZERUQIXUVHDOSXSV&KHOQRNRY1DXPRYet al.,,QZLQWHUZKHQSUHIHUUHGSUH\
DUH VFDUFH LVODQG IR[HV SULPDULO\ IRUDJH RQ WKH FDUFDVVHV RI PDULQH PDPPDOV LQFOXGLQJ VHD
RWWHUV Enhydra lutris (=DJUHEHOQ\L D *ROWVPDQ HW DO.,  7KH VNLQ RI SLQQLSHGV LV
WKLFNDQGWRXJKDQG$UFWLFIR[HVXVXDOO\FKRRVHWKHZHDNHVWVRIWHVWSDUWVRIWKHFDUFDVVWRHDW
VXFKDVPX]]OHDQGDQXV%XWXQOLNH3RODUEHDUVUrsus maritimusZKLFKULSRSHQWKHVNLQRI
VHDOVZLWKWKHLUFODZV&KULVWLDQVHQ6ODWHUet al.XSF]LN	6W\QGHU$UFWLF
IR[HVXVHSULPDULO\WKHLUMDZVDQGWHHWKIRUFXWWLQJSUH\ZKLFKFDXVHVDFRQVLGHUDEOHPHFKDQLFDO


FRQVWUDLQRQWKHVNXOOPRUSKRORJ\

'XULQJ WLPHV RI LVRODWLRQ LQ XQXVXDO FRQGLWLRQV $UFWLF IR[HV KDYH XQGHUJRQH VXIILFLHQW
PRUSKRORJLFDO FKDQJHV WKDW MXVWLI\ WKHLU FODVVLILFDWLRQ DV GLIIHUHQW VXEVSHFLHV 7DEOH  7KXV
SRSXODWLRQVOLYLQJRQ0HGQ\L,VODQGKDYHEHHQDVVLJQHGWRV. lagopus semenovi2JQHY
DQGWKRVHOLYLQJRQ%HULQJ,VODQGWRV. lagopus beringensis0HUULDP$UFWLFIR[HVOLYLQJ
RQWKHPDLQODQGV. lagopus lagopus,/PLJUDWHH[WHQVLYHO\DQGHIIHFWLYHO\FRQVWLWXWHD
VLQJOHPDLQODQGVXEVSHFLHV'DOpQet al.,

7KHUH DUH QXPHURXV PRUSKRORJLFDO GLIIHUHQFHV EHWZHHQ LVODQG DQG PDLQODQG $UFWLF IR[HV
7FDONLQ=DJUHEHOQ\L	3X]DFKHQNR1DQRYD3UHYLRXVVWXGLHVKDYH
LQGLFDWHG WKDW WKH LVODQG VXEVSHFLHV KDYH JUHDWHU ERG\ DQG FUDQLDO VL]H WKDQ LV IRXQG RQ WKH
PDLQODQG 7FDONLQ  *ROWVPDQ et al.,  =DJUHEHOQ\L 	 3X]DFKHQNR  1DQRYD
  0RUHRYHU ERWK LVODQG VXEVSHFLHV DUH VLJQLILFDQWO\ KHDYLHU WKDQ WKHLU PDLQODQG
FRQVSHFLILFV ZLWK DYHUDJH ZLQWHU ERG\ PDVVHV RI ± NJ IRU PDOHV DQG ± NJ IRU
IHPDOHV ZKHUHDV WKHVH YDOXHV RQ WKH PDLQODQG DUH ± NJ IRU PDOHV DQG ± NJ IRU
IHPDOHV *ROWVPDQet al., 7KH FUDQLXPGLIIHUVEHWZHHQ LVODQGDQGPDLQODQG VXEVSHFLHV
QRW RQO\ LQ VL]H EXW DOVR LQ IRUP DV LW LV ORQJHU DQG ZLGHU DW WKH FDUQDVVLDOV DQG ]\JRPDWLF
DUFKHVZLWKUHODWLYHO\VWURQJHUGHYHORSHGFUHVWVLQERWKLVODQGVXEVSHFLHV1DQRYD7KH
PRUSKRORJLFDO GLIIHUHQFHV EHWZHHQ LVODQG DQG PDLQODQG VXEVSHFLHV DULVH LQ SDUW WKURXJK
GLIIHUHQFHVLQJURZWK)RULQVWDQFHLVODQGIR[HVKDYHDORQJHUJURZWKSHULRGXSWRWZR\HDUVLQ
FRPSDULVRQ WR PDLQODQG IR[HV WKDW FRPSOHWH JURZWK LQ RQH \HDU =DJUHEHOQ\L E $JH
VSHFLILFDOORPHWULFWUDMHFWRULHVRIWKHFUDQLXPDOVRGLIIHUEHWZHHQPDLQODQGDQGLVODQGVXEVSHFLHV
1DQRYD0HGQ\L,VODQGDQG%HULQJ,VODQGVXEVSHFLHVKDYHVOLJKWGLIIHUHQFHVLQFUDQLXP
VKDSHDVZHOO=DJUHEHOQ\LE1DQRYDEXWWKHVHGLIIHUHQFHVDUHPXFKZHDNHUWKHQ
EHWZHHQ LVODQGV DQG PDLQODQG 7KH SURSRUWLRQ RI URVWUXP DQG EUDLQFDVH LV WKH PRVW YDULDEOH
EHWZHHQ LVODQGV ZLWK 0HGQ\L ,VODQG IR[HV SRVVHVVLQJ VLJQLILFDQWO\ VKRUWHU URVWUXP LQ
FRPSDULVRQ WR %HULQJ ,VODQG IR[HV 1DQRYD 	 3U{D   7KH FUDQLDO SHFXOLDULWLHV RI WKH
LVODQGIR[VXEVSHFLHVPD\KDYHDULVHQDVDGDSWDWLRQVWRVSHFLILFHQYLURQPHQWDOFRQGLWLRQVVXFK
WKDW GLIIHUHQFHV LQ FUDQLDO VL]H DQG VKDSH UHSUHVHQW GLIIHUHQW ELRPHFKDQLFDO DGDSWDWLRQV RI
PDLQODQGDQGLVODQGVXEVSHFLHVFUDQLDWKDWLPSDFWRQSHUIRUPDQFH)RUH[DPSOHDPRUHUREXVW
DQGZLGHUVNXOOPD\UHGXFHFUDQLDOGHIRUPDWLRQVZKHQKDQGOLQJWRXJKIRRGLWHPVHJFXWWLQJ
WKHVNLQRIIXUVHDOFRUSVHV

,Q WKHSUHVHQW VWXG\ZH WHVW WKHQXOO K\SRWKHVLV WKDW WKHREVHUYHGFUDQLDO GLIIHUHQFHVEHWZHHQ


$UFWLFIR[HVOLYLQJRQERWKWKH0HGQ\LDQG%HULQJ,VODQGVDQGWKRVHOLYLQJRQWKHPDLQODQGKDYH
QRLPSDFWRQELRPHFKDQLFDOSHUIRUPDQFHGXULQJVLPXODWHGELWLQJ,IWKLVLVIDOVLILHGWKHTXHVWLRQ
DULVHV DV WR ZKHWKHU WKH GLIIHUHQFHV LQ FUDQLDO PRUSKRORJ\ DQG SHUIRUPDQFH DPRQJ WKH
VXEVSHFLHV UHIOHFW ELRPHFKDQLFDO DGDSWDWLRQV WR WKHLU GLVWLQFW KXQWLQJ DQG IHHGLQJ EHKDYLRXUV
DQGRULIWKH\DUHWKHFRQVHTXHQFHRIUDQGRPSURFHVVHVOLNHJHQHWLFGULIWDQGWKHIRXQGHUHIIHFW
&UDQLDO PRGHOV RI WKH WKUHH VXEVSHFLHV ZHUH FRPSDUHG EDVHG RQ WKHLU ELRPHFKDQLFDO
SHUIRUPDQFH ORFDO VWUDLQV DQG ODUJHVFDOH GHIRUPDWLRQV )LQLWH HOHPHQWV )( DQDO\VHV ZHUH
XVHG WR VLPXODWH FUDQLDO ORDGLQJ GXULQJ GLIIHUHQW ELWH VFHQDULRV DQG JHRPHWULF PRUSKRPHWULFV
ZHUH HPSOR\HG WR FRPSDUH RYHUDOO FUDQLDO GHIRUPDWLRQ :H DQDO\VHG GLIIHUHQFHV DW WKH
VXEVSHFLHVOHYHOZKLOHSUHYLRXVVWXGLHVRIFUDQLDOSHUIRUPDQFHLQPDPPDOVXVLQJ)(PRGHOOLQJ
KDYHFRPSDUHGKLJKHUOHYHOWD[D'XPRQW3LFFLULOOR	*URVVH:URHet al.,:URH
6ODWHU'XPRQW	9DQ9DONHQEXUJK6ODWHU	9DQ9DONHQEXUJK&R[et al
)LJXHLULGRet al


0DWHULDODQG0HWKRGV

7KHGU\ FUDQLD RI WKUHH DGXOWPDOH$UFWLF IR[HVRI NQRZQ SURYHQDQFH VKRW LQ WKH ZLOGZHUH
DFFHVVHGIURPWKH=RRORJLFDO0XVHXPRI0RVFRZ6WDWH8QLYHUVLW\09/RPRQRVRY)LJXUH
 Vulpes lagopus lagopus, 0DLQODQG &KXNRWND &KDXQVN\ 'LVWULFW 5XVVLDQ )HGHUDWLRQ
DSSUR[FRRUGLQDWHVƍ1ƍ(FROOHFWHGLQPXVHXPQXPEHU6
Vulpes lagopus beringensis%HULQJ,VODQG&RPPDQGHU,VODQGV5XVVLDQ)HGHUDWLRQDSSUR[
FRRUGLQDWHVƍ1ƍ(FROOHFWHGLQPXVHXPQXPEHU6
Vulpes lagopus semenovi0HGQ\L,VODQG&RPPDQGHU,VODQGV5XVVLDQ)HGHUDWLRQDSSUR[
FRRUGLQDWHVƍ1ƍ(FROOHFWHGEHIRUHPXVHXPQXPEHU6

7KHFUDQLDZHUHVFDQQHGXVLQJDPHGLFDO;UD\FRPSXWHGWRPRJUDSK\&7VFDQQHU3LFNHU3*
&7VFDQQHU0RVFRZ6WDWH8QLYHUVLW\RI0HGLFLQHDQG'HQWLVWU\;UD\GHSDUWPHQWZLWKD
YR[HO VL]H IRU HDFK VSHFLPHQ RI PP [ PP [ PP ,PDJH VHJPHQWDWLRQ ZDV
SHUIRUPHG LQ $YL]RY 9LVXDOL]DWLRQ 6FLHQFHV *URXS %XUOLQJWRQ 86$ XVLQJ D
FRPELQDWLRQ RI DXWRPDWHG WKUHVKROGLQJ DQG PDQXDO VHJPHQWDWLRQ WR DFFXUDWHO\ LGHQWLI\ ERQH
RXWOLQHVZKHUHDXWRPDWHG WKUHVKROGLQJIDLOHG(DFKFUDQLXPZDVPRGHOOHGDVDVLQJOHPDWHULDO
YROXPH%DVHGRQWKHILQGLQJVRISUHYLRXVVHQVLWLYLW\VWXGLHV)LWWRQet alVLPSOLILFDWLRQV
LQ)(PRGHOVUHVXOWLQDFRQVLVWHQWUHGXFWLRQLQWKHPDJQLWXGHRIGHIRUPDWLRQPHDVXUHGHJDV
VWUDLQRUWHUPVRIJOREDOFKDQJHVLQVL]HDQGVKDSHEXWKDYHPLQLPDOHIIHFWRQUHODWLYHVWUDLQV


DPRQJ FUDQLDO UHJLRQV PRGHV RI GHIRUPDWLRQ 7KH UHVXOWLQJ YROXPH GDWD IRU HDFK VSHFLPHQ
ZHUH GRZQVDPSOHG WR D YR[HO VL]H RI PP [ PP [  PP 7KH YR[HO EDVHG
UHFRQVWUXFWLRQ ZDV VXEVHTXHQWO\ WUDQVIRUPHG LQWR DQ )( PHVK FRPSRVHG RI QRGHG FXELF
HOHPHQWVE\GLUHFWYR[HOFRQYHUVLRQ7KLVZDVFDUULHGRXWXVLQJ92;)(YZKLFKLVDQ)(
DQDO\VLV YR[HOEDVHG VRIWZDUH WRRO GHYHORSHG LQ WKH 'HSDUWPHQWV RI &RPSXWHU 6FLHQFH DQG
(QJLQHHULQJDQG7KH+XOO<RUN0HGLFDO6FKRRO8QLYHUVLW\RI+XOO8QLWHG.LQJGRP)DJDQet 
al.,/LXet al.,

0DWHULDO SURSHUWLHV W\SLFDO RI ERQH ZHUH DVVLJQHG WR WKH HOHPHQWV LQ 92;)( DQG ORDGV DQG
FRQVWUDLQWVWRVLPXODWHELWLQJVHHEHORZZHUHDGGHGWRHDFKPRGHO<RXQJ¶VPRGXOXV*3D
DQG 3RLVVRQ¶V UDWLR  YDOXHV ZHUH DVVLJQHG WR WKH VLQJOH PDWHULDO .XSF]LN et al., 
0D[LPXPPXVFOHIRUFHV 7DEOHZHUHFDOFXODWHG XVLQJWKHIRUPXOD)PD[ &6$îkZKHUHk 
LV WKH VSHFLILF WHQVLRQ FRQVWDQW 1FP :HLMV	+LOOHQ )LWWRQ  DQG&6$ WKH
HVWLPDWHG FURVVVHFWLRQDO DUHD RI WKH PXVFOH 6LQFH QR PXVFOH GDWD DUH DVVRFLDWHG ZLWK WKHVH
VSHFLPHQV PXVFOH FURVVVHFWLRQDO DUHDV ZHUH HVWLPDWHG XVLQJ ERQ\ SUR[LHV 7KLV PHWKRG KDV
EHHQ XVHG E\ RWKHUV 'HPHV 	 &UHHO  7KRPDVRQ  $QWyQ  &KULVWLDQVHQ 	
$GROIVVHQ(OOLVet al., DQGDOORZV&6$WREHHVWLPDWHGIURPWKHGU\ERQH,QWKLV
VWXG\WZRPDLQDGGXFWRUMDZPXVFOHVZHUHLQFOXGHGWKHVXSHUILFLDOPDVVHWHUmusculus masseter
DQG WHPSRUDOLVmusculus temporalis7KH HVWLPDWHG FURVVVHFWLRQDO DUHD IRU WKHVHPXVFOHVZDV
HVWLPDWHG IROORZLQJ SURWRFRO RI 7KRPDVRQ  7KH 
WHPSRUDOLV
 DUHD ZDV ERXQGHG E\ WKH
]\JRPDWLF DUFKDQGEUDLQFDVH LQDSRVWHURGRUVDOYLHZ7KHPDVVHWHU DUHDZDVERXQGHGE\ WKH
]\JRPDWLFDUFKDQGEDVLFUDQLXP(VWLPDWHGFURVVVHFWLRQDODUHDVRQERWKVLGHVRIHDFKVNXOOZHUH
FDOFXODWHG DQG WKHQ DYHUDJHG IRU WKH IOXFWXDWLQJ DV\PPHWU\ DFFRXQWLQJ 7KH )PD[ ZDV
FDOFXODWHGIURPWKLVDYHUDJHGYDOXHIRUHDFKPXVFOHZDVWKHQDSSOLHGV\PPHWULFDOO\WRWKHERWK
VLGHVRI)(PRGHO WRPDNH WKH ORDGLQJV\PPHWULFDORQERWK OHIWDQG ULJKW VLGHV0XVFOH IRUFH
RULHQWDWLRQVZHUHHVWLPDWHGE\GLUHFWLQJWKHIRUFHYHFWRUVIURPWKHPXVFOHFHQWUHRIRULJLQWRWKH
PXVFOH LQVHUWLRQ SRLQW RQ WKH PDQGLEOH ZLWK WKH PDQGLEOH LQ RFFOXVLRQ )LJXUH  +RZHYHU
VLQFH ZH ZHUH RQO\ FRQFHUQHG ZLWK WKH FUDQLXP WKH PDQGLEOH ZDV QRW LQFOXGHG LQ WKH )(
DQDO\VLV

7RSUHYHQW IUHHERG\PRWLRQ WKHPRGHOVZHUHFRQVWUDLQHGDW WKH WHPSRURPDQGLEXODU MRLQWRQ
WKHYHQWUDOVLGHRIWKH]\JRPDWLFSURFHVVRIWKHVTXDPRVDODORQJDOOWKUHHD[HVRQERWKVLGHV
7RVLPXODWHXQLODWHUDOELWHVWKHPRGHOVZHUHFRQVWUDLQHGYHUWLFDOO\DORQJWKHOHIWVLGHGHQWDOURZ
DWVHYHQGLIIHUHQWSRVLWLRQVWKHLQFLVRUVZKLFKLQFOXGHGWKHVLPXOWDQHRXVORDGLQJRIDOOWKUHH
OHIW,,DQG,WKHOHIWFDQLQH&OHIW3OHIW3OHIW3WKHOHIWXSSHUFDUQDVVLDO


3DQGDPRODU0$OOWHHWKZHUHFRQVWUDLQHGLQDGRUVRYHQWUDOGLUHFWLRQSHUSHQGLFXODUWR
WKHRFFOXVDOSODQH

7KH)(PRGHOVZHUH VROYHGXVLQJ WKH/LQX[EDVHGFXVWRPEXLOW VROYHU VRIWZDUHPARA_BMU
ZKLFK LV D PRGLILHG LWHUDWLYH VROYHU VLPLODU WR WKDW UHSRUWHG E\ YDQ 5LHWEHUJHQ et al. 
ZKLFKZDVGHYHORSHGLQ WKH'HSDUWPHQWVRI(QJLQHHULQJDQG&RPSXWHU6FLHQFH8QLYHUVLW\RI
+XOO 8QLWHG .LQJGRP )DJDQ et al.,  /LX et al.,  9RQ 0LVHV¶ VWUDLQ FRQWRXU SORWV
ZHUHREWDLQHGDQGYLVXDOO\DVVHVVHG)RUYLVXDOFRPSDULVRQDPRQJVSHFLPHQVWKHVWUDLQVLQHDFK
FRQWRXUSORWIRUHDFKELWHVLPXODWLRQZHUHVFDOHGOLQHDUO\EDVHGRQSUHGLFWHGELWH+RRNH¶VODZ
WRUHSUHVHQWDELWHIRUFHRI1ZKLFKLVFORVHWRWKHHVWLPDWHGQDWXUDOFDUQDVVLDOELWHIRUFHRI
WKLVVSHFLHV&KULVWLDQVHQ	$GROIVVHQ

*HRPHWULFPRUSKRPHWULFPHWKRGVZHUHHPSOR\HGWRFRPSDUHWKHPRGHVRIJOREDOODUJHVFDOH
GHIRUPDWLRQ RI WKH PRGHOV 2¶+LJJLQV et al.,  2¶+LJJLQV 	 0LOQH  )LWWRQ et al.,
)LWWRQet al7KHFRRUGLQDWHVRIODQGPDUNVIURPWKHUHVXOWLQJGHIRUPHGPRGHOV
ZHUHVXEMHFWHGWRD3URFUXVWHVVL]HDQGVKDSHDQDO\VLV2¶+LJJLQV	0LOQH)LWWRQet al.
 SHUIRUPHG XVLQJ WKH (9$1 WRRONLW KWWSZZZHYDQVRFLHW\RUJ ,Q WKLV DQDO\VLV 
WKUHHGLPHQVLRQDOODQGPDUNV)LJXUHDQG7DEOH6ZHUHUHFRUGHGIURPHDFKORDGHGFUDQLXP
DQG IURP WKH RULJLQDO XQORDGHG PRGHOV 7KH ODUJHVFDOH FUDQLDO GHIRUPDWLRQV ZHUH YHU\ VPDOO
FRPSDUHGWRWKHGLIIHUHQFHVLQVL]HDQGVKDSHDPRQJWKHP7KHUHIRUHLWZDVQHFHVVDU\WRIRFXV
WKHDQDO\VLVRQWKHGHIRUPDWLRQVUDWKHU WKDQRQWKHGLIIHUHQFHVEHWZHHQVSHFLPHQV7RDFKLHYH
WKLV WKH ODQGPDUN FRRUGLQDWHV RI HDFK ORDG FDVH DQG XQORDGHG PRGHO ZHUH VXEMHFWHG WR
JHQHUDOLVHG3URFUXVWHVDQDO\VHV7KHGLIIHUHQFHVEHWZHHQWKHUHJLVWHUHGODQGPDUNFRRUGLQDWHVLQ
HDFKORDGHGDQGXQORDGHGFUDQLXPZHUHWKHQDGGHGWRWKHPHDQRIWKHXQORDGHGIR[HVIURPWKH
*3$DQGWKHUHVXOWLQJFRQILJXUDWLRQVZHUHUHVFDOHGE\PXOWLSO\LQJHDFKFRRUGLQDWHE\WKHUDWLR
RI FHQWURLG VL]HV EHWZHHQ ORDGHG DQG XQORDGHG PRGHOV 6L]H DQG VKDSH FRRUGLQDWHV ZHUH WKHQ
FDOFXODWHGE\WUDQVODWLQJDQGURWDWLQJEXWQRWVFDOLQJWKHVHFRQILJXUDWLRQVWRPLQLPLVHWKHVXP
RI WKH VTXDUHG GLIIHUHQFHV EHWZHHQ WKHP 7KH UHVXOWLQJ FRQILJXUDWLRQV ZHUH WKHQ VXEMHFWHG WR
VL]HDQGVKDSH SULQFLSDO FRPSRQHQW DQDO\VHV 3&$ WR FRPSDUH PRGHV RI JOREDO GHIRUPDWLRQ
DPRQJ FUDQLD 7KH GLVWDQFHV EHWZHHQ ELWLQJ VLPXODWLRQV H[DPLQHG YLD 3&$ GLG QRW GLUHFWO\
UHODWHWRHQJLQHHULQJTXDQWLWLHVVXFKDVVWUDLQHQHUJ\VHH%RRNVWHLQ2¶+LJJLQV	0LOQH
+RZHYHUWKH\UHSUHVHQWHGGLIIHUHQFHVLQWKHFKDQJHVLQVL]HDQGVKDSHZKHQORDGHG





5HVXOWV 

6WUDLQFRQWRXUSORWVDUHSUHVHQWHGLQ)LJXUH7KHUHJLRQVRIWKHFUDQLXPWKDWH[SHULHQFHGKLJK
VWUDLQGXULQJDOOELWHVZHUH WKHURVWUXP WKHRUELWDQGWKH]\JRPDWLFDUFK ,QDOO WKUHHPRGHOV
VWUDLQVLQWKHURVWUXPIURQWDOUHJLRQVDQG]\JRPDWLFDUFKZHUHPD[LPDOGXULQJWKHFDQLQHELWH
'XULQJLQFLVRUVELWHVWUDLQVLQWKHURVWUXPDQGIURQWDOUHJLRQZHUHDOVRKLJK7KH]\JRPDWLFDUFK
VKRZHGWKHJUHDWHVWVXUIDFHVWUDLQUHODWLYHWRWKHUHVWRIWKHFUDQLXPGXULQJ33DQG3ELWHV
'XULQJ3ELWLQJFDUQDVVLDOWRRWKODUJHVWUDLQVZHUHSUHVHQWRYHUWKHPD[LOODWKHPHGLDOZDOORI
WKHRUELWDQGWKHWHPSRUDOERQH7KLVFRQWUDVWVZLWK3±3ELWLQJVLPXODWLRQVZKHUHWKHODUJHVW
VWUDLQPDJQLWXGHVZHUHIRXQGRYHUWKHPD[LOODDQGIURQWDOERQH'XULQJ0ELWLQJVWUDLQVZHUH
ORZRYHUWKHURVWUXPDQGKLJKRYHUWKHPHGLDOZDOORIWKHRUELW7KHPHGLDOZDOORIWKHRUELWDQG
PD[LOODU\URRWRIWKH]\JRPDWLFDUFKZHUHKLJKO\VWUDLQHGGXULQJ3DQG0ELWHVLQDOOWKHWKUHH
PRGHOV

6WUDLQFRPSDULVRQVDPRQJPRGHOV)LJXUH7DEOHV6±VKRZWKDWWKHUHSUHVHQWDWLYHFUDQLXP
RIWKHPDLQODQGVXEVSHFLHVH[SHULHQFHGKLJKHUVWUDLQVWKDQWKDWRIHLWKHULVODQGVXEVSHFLHVGXULQJ
DOOELWHV7KHJUHDWHVWGLIIHUHQFHVEHWZHHQPDLQODQGDQGLVODQGVXEVSHFLHVZHUHREVHUYHGGXULQJ
SUHPRODU ELWHV LQFOXGLQJ WKH FDUQDVVLDO ELWH ZLWK VWUDLQV JHQHUDOO\ ORZHU LQ WKH LVODQG
VXEVSHFLHV SDUWLFXODUO\ LQ WKH ]\JRPDWLF DUFK ,Q WKH RUELWDO UHJLRQ GXULQJ 3 DQG 0 ELWHV
VWUDLQVZHUHDOVR ORZHULQ WKH LVODQGIR[HV6WUDLQFRQWRXUVZHUHUDWKHUVLPLODUIRUERWK%HULQJ
,VODQGDQG0HGQ\L,VODQGIR[HVDQGUHJLRQVRIKLJKVWUDLQZHUHVPDOOHUWKDQWKRVHREVHUYHGLQ
WKHPDLQODQGIR[1HYHUWKHOHVVWKHFUDQLXPRIWKH0HGQ\L,VODQGIR[H[SHULHQFHGVOLJKWO\ORZHU
VWUDLQVGXULQJ3DQG0ELWHVFRPSDUHGWRWKH%HULQJ,VODQGIR[

7KH3&$UHVXOWVRIODUJHVFDOHGHIRUPDWLRQVGXULQJVLPXODWHGELWLQJDUHSUHVHQWHGLQ)LJXUHV
DQGDQGSORWVRIWKHILUVWWKUHHSULQFLSDOFRPSRQHQWV3&DUHVKRZQ7KHILUVW3&H[SODLQHG
WKH KLJKHVW SURSRUWLRQ RI YDULDQFH  FRUUHVSRQGLQJ WR WKH YDULDWLRQ LQ ODUJHVFDOH
GHIRUPDWLRQ DPRQJ ELWHV 7KH LQVHW ZDUSLQJ ZLWK RYHUODLG WUDQVIRUPDWLRQ JULGV LQGLFDWHG WKDW
GLIIHUHQFHV DORQJ 3& UHODWHG PRVWO\ WR GRUVRYHQWUDO EHQGLQJ RI WKH URVWUXP 'LIIHUHQFHV LQ
VFRUHVDORQJ3&DUHUHODWHGWRGLIIHUHQFHVLQWKHGHJUHHRIGRUVLIOH[LRQRIWKHURVWUXP
DQG LQ WKH GHJUHH RI ]\JRPDWLF DUFK GHIRUPDWLRQ DPRQJ PRGHOV &RQVLGHULQJ 3& DQG 3&
)LJXUHWKHGHIRUPDWLRQVDULVLQJIURPHDFKELWHDORQJWKHGHQWDOURZDUHVLPLODURQ3&DQG
GLIIHURQ3&DPRQJWKHPDLQODQGDQGLVODQG$UFWLFIR[HV7KHLQVHWZDUSLQJDQGWUDQVIRUPDWLRQ
JULGVLQGLFDWHWKDW3&GLVWLQJXLVKHVWKHXQORDGHGIURPWKHORDGHGFUDQLDDQGUHODWHVWR
WRUVLRQRIWKHIDFHGXULQJXQLODWHUDOELWHVDVZHOODVWRWKHGHJUHHRIURVWUDOGRUVLIOH[LRQ)LJXUH


 7KH 0HGQ\L ,VODQG IR[ LV FOHDUO\ GLVWLQJXLVKHG IURP ERWK PDLQODQG DQG %HULQJ ,VODQG
VXEVSHFLHVDORQJ3&LQVKRZLQJDVPDOOHUGHJUHHRIGHIRUPDWLRQQHDUHUWKHXQORDGHG

'LVFXVVLRQ

,Q WKLV VWXG\ ELRPHFKDQLFDO SHUIRUPDQFHZDV FRPSDUHG DPRQJ WKH FUDQLD RI WKUHH$UFWLF IR[
VXEVSHFLHV XVLQJ VLPXODWHG ELWLQJ ORDGV $ FRPELQDWLRQ RI )( PRGHOOLQJ DQG JHRPHWULF
PRUSKRPHWULFPHWKRGVZHUHHPSOR\HG2¶+LJJLQVet al.,)LWWRQet al.,2¶+LJJLQV	
0LOQH)LWWRQet al.,7KHUHVXOWVVKRZHGGLIIHUHQFHVLQORFDOVWUDLQVDQGODUJHVFDOH
GHIRUPDWLRQVDPRQJVXEVSHFLHV

7KHGLVWULEXWLRQRIUHODWLYHVWUDLQPDJQLWXGHVZLWKLQWKHFUDQLDZDVFRQFRUGDQWZLWKSUHYLRXV
VWXGLHVLQRWKHUPDPPDOV5RVV:URHet al.,:URH6ODWHUet al6ODWHU
	9DQ9DONHQEXUJK)LWWRQet al)LJXHLULGRet al.,ZKLFKIRXQGWKDWVWUDLQV
LQWKHURVWUDODQGIURQWDOUHJLRQZHUHKLJKHUGXULQJDQWHULRUELWHVEHFDXVHWKHEHQGLQJPRPHQWLQ
WKLVUHJLRQLVJUHDWHUDVDFRQVHTXHQFHRIDORQJHUELWHIRUFHPRPHQWDUP

,Q DOO ELWHV WKH ]\JRPDWLF DUFK H[SHULHQFHG KLJK VWUDLQV EHFDXVH RI WKH ODUJH PXVFOH PDVV
DWWDFKHG GLUHFWO\ WR LW 6HYHUDO SUHYLRXV ELRPHFKDQLFDO VWXGLHV RI PDPPDOLDQ FUDQLD WKDW KDYH
VLPXODWHGIHHGLQJXVLQJ)(DQDO\VHVLQGLFDWHGWKDWWKH]\JRPDWLFDUFKLVDKLJKO\VWUHVVHGDUHD
'XPRQWet al.%ULJKW	5D\ILHOG&R[et al.,)LWWRQet al.,2XU
ILQGLQJVVXJJHVWWKDWWKH]\JRPDWLFDUFKLVQRWDVUREXVWLQWKHPDLQODQGVXEVSHFLHVZKLFKOLNHO\
H[SHULHQFHVORZHUORDGVIURPIRRGDFTXLVLWLRQDQGSURFHVVLQJ7KH]\JRPDWLFDUFKHVEXOJHPRUH
ODWHUDOO\LQWKHLVODQGIR[HV1DQRYDSRVVLEO\WRDOORZDJUHDWHUFURVVVHFWLRQDQGWKXV
IRUFHSURGXFWLRQE\WKHWHPSRUDOLVPXVFOH7KLVPD\LQLWVHOILQGLFDWHDJUHDWHUSRWHQWLDOIRUKLJK
ELWH IRUFHV $OVR WKH IRUP RI WKH DUFK PD\ EH EHWWHU DEOH WR UHVLVW KLJK IRUFHV ZKLFK LV
FRQFRUGDQWZLWK7KRPDVRQ¶V  ILQGLQJ WKDW VWUHVVPDLQO\FRUUHODWHVZLWK VNXOO VKDSHEXW
QRW ZLWK VL]H 6ODWHU et al.  DOVR QRWHG WKDW DPRQJ GLIIHUHQW &DUQLYRUD ZLWK GLIIHUHQW
IRUDJLQJ VWUDWHJLHV HJ Canis simensis, C. mesomelas, DQG Lycaon pictus WKRVH ZLWK PRUH
ODWHUDOO\SURPLQHQW]\JRPDWLFDUFKHVH[SHULHQFHORZHUVWUDLQVLQWKLVVWUXFWXUHSRVVLEO\EHFDXVH
DPRUHODWHUDODUFKLVDGDSWHGWREHDUKLJKHUORDGV

5HJDUGLQJ WKH 3&$ RI )LJXUH  WKH SRLQWV UHSUHVHQWLQJ HDFK ORDGHG FUDQLXP ZLWKLQ HDFK
VXEVSHFLHVDUHDUUDQJHGQHDUO\OLQHDUO\DORQJ3&7KHGHJUHHRIGRUVRYHQWUDOEHQGLQJ3&
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7DEOHV
7DEOH7KH$UFWLFIR[HVVXEVSHFLHVWKHLUORFDOLWLHVDQGPDLQGLHW
6XEVSHFLHV /RFDOLW\ 7KHPDLQGLHW
Vulpes lagopus semenovi 0HGQ\L,VODQG&RPPDQGHU,VODQGV
/DUJHVHDELUGV
PDULQHPDPPDOFDUFDVVHV
Vulpes lagopus beringensis %HULQJ,VODQG&RPPDQGHU,VODQGV
/DUJHVHDELUGV
PDULQHPDPPDOFDUFDVVHV
Vulpes lagopus lagopus 0DLQODQG&KXNRWND&KDXQVN\'LVWULFW 6PDOOURGHQWV



7DEOH0D[LPXPHVWLPDWHGFURVVVHFWLRQDODUHD&6$DQGPXVFOHIRUFHV
0RGHO
musculus masseter musculus temporalis
&6$
FP 
0XVFOH)RUFH
1 
&6$
FP 
0XVFOH)RUFH
1 
0HGQ\L,VODQG    
%HULQJ,VODQG    
0DLQODQG    

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
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)LJXUH0DSRIWKH%HULQJ6HDUHJLRQVKRZLQJWKHORFDWLRQRIWKHWZR&RPPDQGHU,VODQGV
NPRIIWKHHDVWHUQFRDVWRI.DPFKDWND3HQLQVXODLQWKHLFHIUHHSDUWRIWKH%HULQJ6HDDQGWKH
ORFDWLRQ ZKHUH WKH PDLQODQG VSHFLPHQ ZDV FROOHFWHG 3URYHQDQFH RI VSHFLPHQV  0DLQODQG
&KXNRWND &KDXQVN\ 'LVWULFW  &RPPDQGHU ,VODQGV %HULQJ ,VODQG  &RPPDQGHU ,VODQGV
0HGQ\L ,VODQG 7KH FRS\ULJKWIUHH PDS ZDV GRZQORDGHG IURP KWWSZZZPDSVIRUIUHHFRP
DQGPRGLILHG
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)LJXUH  )LQLWH HOHPHQWV )( PRGHO ERXQGDU\ FRQGLWLRQV IRU WKH %HULQJ ,VODQG IR[ 0XVFOH
IRUFHV UHSUHVHQW WKH PDMRU PXVFOHV RI PDVWLFDWLRQ SXUSOH   PDVVHWHU RUDQJH   WHPSRUDOLV
$UURZV UHSUHVHQW PXVFOH IRUFH GLUHFWLRQ IRU WKH UHVSHFWLYH PXVFOH 7KH JOHQRLG IRVVDH DUH
FRQVWUDLQHGLQDOOGLUHFWLRQVDQGWKHELWHSRLQWVDUHFRQVWUDLQHGLQWKHYHUWLFDOD[LV$3ELWHLV
LOOXVWUDWHG D EODFN DUHD VKRZV WKH FRQVWUDLQW DW WKH WLS RI WKH WRRWK 7KH VDPSOLQJ SRLQWV DUH
VKRZQDVZKLWHODQGPDUNV6WUDLQPDJQLWXGHVDQGWKUHHGLPHQVLRQDOFRRUGLQDWHVDUHH[WUDFWHGDW
WKHVHSRLQWVIRUFRPSDULVRQVRIORFDODQGODUJHVFDOHGHIRUPDWLRQV
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)LJXUH7KHILIW\ODQGPDUNVXVHGLQWKHJHRPHWULFPRUSKRPHWULFDQDO\VHVWRDVVHVVODUJHVFDOH
GHIRUPDWLRQV RI WKH FUDQLXP DUH VKRZQ DV ZKLWH GRWV RQ WKH FUDQLXP VHH 6XSSRUWLQJ
,QIRUPDWLRQIRUODQGPDUNGHVFULSWLRQ
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)LJXUH9RQ0LVHVVWUDLQFRQWRXUSORWVRIFUDQLDOPRGHOVRIWKHWKUHHVXEVSHFLHVRI$UFWLFIR[
GXULQJGLIIHUHQWVLPXODWHG1ELWHV(DFKURZUHSUHVHQWVDELWHRQDOHIWWRRWKLQFLVRUVOHIW,
, DQG , , ILUVW SUHPRODU 3 VHFRQG SUHPRODU 3 WKLUG SUHPRODU 3 IRXUWK SUHPRODU
3DQG ILUVWPRODU 0(DFKFROXPQUHSUHVHQWVDGLIIHUHQWPRGHO9DOXHVDUHSUHVHQWHGDV
PLFURVWUDLQȝİ$OOVWUDLQVDUHVFDOHGWRDFRPSDUDEOH1ELWH
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)LJXUH  3& SORW RI VL]HDQGVKDSH FRRUGLQDWHV IURP  ODQGPDUNV UHSUHVHQWLQJ ODUJHVFDOH
FUDQLDOGHIRUPDWLRQVGXULQJGLIIHUHQWELWHV LQ WKH WKUHHVXEVSHFLHVRI$UFWLF IR[3&DQG3&
DUH VKRZQ 7ULDQJOHV PDLQODQG $UFWLF IR[HV FLUFOHV 0HGQ\L ,VODQG IR[HV VTXDUHV %HULQJ
,VODQGIR[HV03333DQG,LQFOXGHV,,DQG,UHSUHVHQWWKHGHIRUPDWLRQVFDXVHG
E\ELWLQJRQVSHFLILFWHHWK7KHGLDPRQGPDUNHG8UHSUHVHQWVWKHXQORDGHGXQGHIRUPHGDYHUDJH
IR[FUDQLXP7KHDVSHFWVRIYDULDWLRQLQVL]HDQGVKDSHUHSUHVHQWHGE\HDFK3&DUHYLVXDOL]HGDV
H[WUHPHVRIWKHSULQFLSDOFRPSRQHQWVXVLQJWUDQVIRUPDWLRQJULGVDQGWKHZDUSHGVXUIDFHRIWKH
DYHUDJHIR[FUDQLXP
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)LJXUH  3& SORW RI VL]HDQGVKDSH FRRUGLQDWHV IURP  ODQGPDUNV UHSUHVHQWLQJ ODUJHVFDOH
FUDQLDOGHIRUPDWLRQVGXULQJGLIIHUHQWELWHV LQ WKUHHVXEVSHFLHVRI$UFWLF IR[3&DQG3&DUH
VKRZQ'HVLJQDWLRQVFRUUHVSRQGWRWKRVHLQ)LJXUH
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